Abstract-Cobaltous chloride (CoCl2) caused very marked decreases of cytochrome P-
We previously reported that repeated ad ministration of AMT (15 mg/kg) caused a significant increase of hepatic microsomal AM N-demethylase, AN hydroxylase, NADPH cytochrome c reductase and UDP-gluc uronyltransf erase activities in rats (1, 2) .
Maines and Kappas (3, 4) reported that the administration of CoCI2 to rats caused a decrease in the microsomal content of heme with a significant decrease in cytochrome P 450 content and an increase in the activity of s-ALA synthetase.
Matsuura et al. (5) and Shedlofsky et al. (6) have recently demonstrated
that many chemicals which induce hepatic drug-me tabolizing enzymes also induce 8-ALA syn thetase, and this activity exhibits a reciprocal relationship to that of heme oxygenase (4) . Such a marked increase of drug-metabolizing enzyme activity by AMT is though to change hepatic heme level and related enzymatic ac tivity. In this study, therefore, we have com pared the effects of CoCl2, PB or AMT on hepatic heme and drug metabolism.
In this connection, we have determined the activities of o-ALA synthetase and heme ox ygenase, and have made an attempt to clarify the relationship between the contents of microsomal cytochrome P-450, b5 and total heme and the enzyme activities in the heme metabolic pathway.
Materials and Methods
Animals: Jcl :Sprague Dawley strain male rats (4-5 weeks old) were purchased from Clea Japan, Inc., Tokyo. The animal room was maintained at 23±1 °C, with 50±5% relative humidity and on a 12 hr light-dark cycle (lights on 06:00 to 18:00). They were freely given water and commercial laboratory chow (MF; Oriental Yeast Co., Japan) for at least one week before use. Treatment of animals: Rats were orally given AMT at a single dose of 600 mg/kg. The control animals received an equivalent volume of saline. PB (intraperitoneally) and CoCl2 (subcutaneously)
were injected at a single dose of 80 and 60 mg/kg, respectively. Within 12 hr, the hepatic drug-metabolizing enzyme activity and heme level by AMT did not change. Therefore, animals were killed either 1 2 or 24 hr after acute administration of the drug; and the hepatic homogenate and the microsomal and cytosolic fractions were pre pared as reported previously (2) . Chemicals: Hemin was obtained from Wako Pure Chemicals Co., Ltd., Tokyo, Japan. O-ALA hydrochloride, AMT and cytochrome c were purchased from Sigma Chemical Company, St. Louis, U.S.A. All other chemi cals used were of reagent grades available commercially.
Enzyme assay: Heme oxygenase activity was assayed by the method of Maines and Kappas (4) by determining the formation of bilirubin in the presence of cytosolic biliverdin reductase with the addition of an NADPH generating system. s-ALA synthetase ac tivity was assayed by the method of Marver et al. (7) using a total liver homogenate as the enzyme source. The ALA produced was es timated colorimetrically after condensation with acetylacetone and isolation of the pyr role compound formed on a Dowex-1 -acetate column. Total microsomal contents of heme were determined by the pyridine hemochro mogen method of Paul et al. (8). Cytochrome P-450 and b5 contents in the hepatic micro somal suspension were measured by the method of Omura and Sato (9) and Takesue and Omura (10), respectively. AM N-demeth ylase and AN hydroxylase activities were determined by the methods of Nash (11) and Imai et al. (12) , respectively. Protein was determined using the method of Lowry et al. (13) .
Results
Effects of AMT, PB or CoCI2 on the ac tivities of hepatic 8-ALA synthetase and heme oxygenase: Table 1 shows the activities of 8-ALA synthetase and heme oxygenase either 12 or 24 hr after the administration of AMT, PB or CoCI2. CoCI2 produced a marked increase of heme oxygenase activity, by 8.8 and 23.9 times, respectively, when measured 12 and 24 hr after the administration.
More over, at 12 and 24 hr, the 8-ALA synthetase activity was increased 1.3 and 3.3-fold by CoCI2. On the other hand, PB caused a sig nificant increase of hepatic 6-ALA synthetase (213%) and heme oxygenase (202%) ac tivities when measured 12 hr after the admin istration, but by 24 hr, the enhancement of both enzymatic activities by PB was sup pressed or returned to control levels. Similarly, a single administration of AMT produced a steady sustained increase in s-ALA syn thetase activity, which reached levels ap proximately 2.2 and 2.3-fold higher than the control levels at 12 and 24 hr. However, the activity of heme oxygenase by AMT remained unchanged.
Effects of AMT, PB or CoCI2 on hepatic microsomal contents of protein, cytochromes and drug-metabolizing enzyme activities: As shown in Table 2 , a single administration of CoCI2 resulted in a marked decrease of the contents of cytochrome P-450, b5, micro somal protein and total heme (but not by 12 hr). Moreover, a significant decrease of the ac tivities of AM N-demethylase and AN hydrox ylase was also observed by CoCI2 (Table 3) . On the contrary, the treatment of rats with PB alone caused a marked increase of the con tents of cytochrome P-450 and b5 (but not by 24 hr) and of the activities of AM N-demeth ylase and AN hydroxylase, but microsomal heme content remained unchanged. Similarly, AMT alone led to a significant increase of the contents of cytochrome b5 (127%) and heme (122%) and of the activities of AM N-de methylase (129%) and AN hydroxylase (148%) when measured at 24 hr after the ad ministration, although AMT had no effect on these activities at 12 hr.
Discussion
The present investigation has revealed that hepatic drug-metabolizing enzyme and 6 ALA synthetase activities and total heme con tent at 24 hr were significantly increased by AMT.
In our experiments, heme oxygenase ac tivity by CoCI2 at 12 and 24 hr remarkably increased, while an increase in this enzyme resulted in a marked decrease of cytochrome P-450, b5 and total heme contents (but not by 12 hr) ( Tables 1 and 2 ). However, at 12 and 24 hr in the CoCI2 treated rats, the enhancement of s-ALA synthetase, a rate limiting enzyme in heme synthesis, was ob served to increase to the same degree as in the PB or AMT-treated rats. These results sug gest that the induction of heme oxygenase would be correlated to the decrease of cyto chrome P-450, b5 and total heme contents, as described by others (3, 5, 14, 15) . and total heme contents by AMT fails to in crease the amount of cytochrome P-450 in the liver.
